1. Calcium depletion from the medium of the isolated perfused kidney reduced renin release and renal perfusate flow.
Introduction
In view of the participation of calcium-ions in the stimulus-secretion coupling of many, if not all, secretory systems (Rubin, 1970) , several attempts have been made to define the role of calcium in renin secretion from the kidney. However, results of these investigations are conflicting. The number of studies in which calcium was found to increase renin release in uiuo or in uitro (e.g. Michelakis, 1971; Iwao, Abe & Yamamoto, 1974 Poisner, 1976; Lester & Rubin, 1977) , is balanced by a similar number of studies in which an inverse relationship has been observed (e.g. Kotchen, Maull, Luke, Rees & Flamenbaum, 1974; Vandongen & Peart, 1974; Watkins, Davis, Lohmeier & Freeman, 1976; Baumbach & Leyssac, 1977) .
In the present paper this problem has been approached by studying the effects of calcium ions and of calcium-transporting ionophores on renin release from the isolated perfused rat kidney.
Material and methods
Kidneys were taken from male Sprague-Dawley rats (180-200 g Ivanovas, Kisslegg) under Nembutal anaesthesia (50 mg/kg intraperitoneally) and perfused in a single pass system at a constant pressure of 90 mmHg with a modified KrebsHenseleit medium, as described by Hofbauer, Zschiederich & Gross (1976) , except that in the perfusion medium gelatine was replaced by Ficoll 70 (35 g/l, Pharmacia, Frankfurt). Renal perfusate flow, urine volume, and sodium excretion (UNa. V) were measured as described by Hofbauer et al. (1976) , and glomerular filtration rate with [ 14CJinulin (Amersham Buchler, Braunschweig) ( 1.5 pCi/l of perfusion medium).
A stabilization period of 80 min was permitted before the start of the experiment. Substances were infused through the aortic perfusion cannula (0.01-0.1 ml/min). The ionophores were first dissolved in ethanol (6 mmol/l) and diluted to the desired concentration with perfusion medium hmediately before use. Ethanol alone in the appropriate concentrations (which never exceeded 1 mg/ml final concentration) did not produce any changes in renin release or renal perfusate flow.
Renin concentration in perfusates were measured by the method of Hackenthal, Hackenthal & Hofbauer (1977) .
Results

Calcium ions
When calcium ions were withdrawn from the perfusion medium (by discontinuation of calcium infusion), renin release decreased from 219 k 46 pmol of angiotensin I/min to 7 1 rf-22 pmol of angiotensin I/min ( P < 0.01) within 8 min. At the same time, renal perfusate flow dropped from 12.0 & 0.2 to 9.5 rf-0.1 ml/min ( P < 0.01). When CaZ+ was reintroduced at 2 mmol/l final concentration to the perfusion medium, a significant rise ( P < 0.01) in renin release occurred within 3 min and reached a maximum at 6 min (Table 1) . Also, a significant ( P < 0.01) rise of renal perfusate flow was observed. Glomerular filtration rate increased from 0.34 k 0.04 ml/min before infusion to 0.48 +_ 0.03 ml/min (P < 0.01) during infusion of calcium.
Also, an increase of sodium excretion was observed from 7.87 & 0.44 pmol/min to 13.6 0.58
,umol/min (P < 0-01). Similar, but smaller changes were observed, when calcium was reintroduced at 0.5 or 1.0 mmol/l final concentration.
Ionophore X 537 A Infusion of ionophore X 537 A at a final concentation between 0.1 and 4 pmol/l resulted in a significant increase (P < 0.001) of renin release from 259 & 61 before to 1024 485 pmol of angiotensin I/min after 6 min infusion. This rise was accompanied by a small rise in perfusate flow (9.9 k 1.6 to 10.7 1.5). Glomerular filtration rate increased from 0.31 rf-0.06 to 0.4 rf-0.05 ml/min and U,, V from 6.4 rf-1.8 pnollmin to 11.8 & 1.8 pmol/min ( P < 0.01). This stimulatory effect of X 537 A on renin release was also observed, when CaZ+ was omitted from the medium (Table 1) .
The infusion of ionophore A 23187 at 1-1000 nmol/l (final concentration) produced inconsistent and apparently erratic results. Renin release was found anywhere from a 20-fold stimulation to a 95% depression of the starting levels. No clear correlation of these effects with the dose administered was seen, although at ionophore concentration above 100 nmol/l depression of renin release was predominant. The latter effect was accompanied by a drastic reduction of perfusate flow, which called for discontinuation of the no Caz+ n = 6 n = 6 n = 4 n = 4 n = 3
Renin release (pmol of angiotensin I x min-I) Calcium, ionophores and renin release 165s infusion. In an attempt to correlate the changes in renin release with other measurements all experiments in which ionophore A 23187 was infused at a final concentration between 1 and 10 nmol/l and in which the infusion was maintained over a 10 min period, were selected and divided into two groups according to the direction in which renin release changed, i.e. increase (type I) or decrease (type 11).
As can be seen from Table 1 , a rise in renin release from 129 & 38 to 406 4 133 pmol of angiotensin I/min (P < 0.01) on infusion of the low dose of A 23187 was accompanied by a short-lasting depression of renal perfusate flow, followed by a continuous rise above starting levels (P < 0.05).
On the other hand, when renin release was depressed by the ionophore (from 113 f 38 to 43 k 10 pmol of angiotensin I/min, P < 0.05), this was accompanied by a steady and significant (P < 0.05) decline of renal perfusate flow. Glomerular filtration rate and sodium excretion did not show any correlation with the type of renin response.
When A 23187 (10 nmol/l) was infused in the absence of CaZ+ (10 min depletion), renin decreased initially and returned to the starting level within 9 min. During the infusion period perfusate flow did not change (Table 1) .
Discussion
The observed depression of renin release by withdrawal of calcium from the medium and the stimulation by calcium reintroduction is compatible with the concept, that calcium participates in stimulus-secretion coupling of renin release, as it does in other secretory systems (Rubin, 1970 The stimulatory effect of ionophore X 537A on renin release also seems to indicate a positive role for calcium in renin secretion, since this agent as well as ionophore A 23187 is thought to transport calcium across membranes and to increase intracellular calcium concentrations (Pressman, 1976) . However, the observation that ionophore X 537 A stimulates renin release in the absence as well as in the presence of calcium, casts serious doubts on this interpretation. Also, several unspecific, i.e. noncalcium mediated, effects of this ionophore have been reported (cf. Pressman, 1976) .
Likewise, the complex and divergent pattern of the effects of ionophore A 23187 is difficult to reconcile with the simple concept of calcium transport into juxtaglomerular cells. Inhibition by the ionophore of renin release from the isolated perfused kidney has been reported by Fynn, Onomakpome & Peart (1977) and interpreted as due to calcium influx into juxtaglomerular cells. From the present study it appears more likely that the observed influence of calcium and calciumionophores on renin release is an indirect effect, i.e. that changes of renin release are secondary to changes of other functions. These changes may include modification of the macula densa signal by increased distal delivery of NaCl (Kotchen et al.,  1974) , changes of vascular tone of the afferent arteriole and modulation of the mechanoreceptor signal (Davis & Freeman, 1977) , and stimulation of prostaglandin synthesis by ionophores and calcium (Knapp, Oelz, Sweetman, Oates & Reed, 1977) . Prostaglandins may then stimulate renin release (cf. Anggkrd, Larsson & Weber, 1976) .
It is also likely that the observed effect of calcium and calcium-ionophores on renin release is mediated by more than one of these mechanisms, some of which have opposite effects on renin release. However, in the present study a consistent correlation of renin release appears to be with the rate of perfusate flow, i.e. an increase of renin release is always accompanied by an increased flow and vice versa, with the only exception of renin stimulation by ionophore X 537 A in the absence of calcium (Table 1 ). In conclusion, a vasodilation would activate the stretch receptor (since perfusion pressure was held constant), thereby stimulate renin release and vice versa. This view, that activation or depression of the baroreceptor is the major determinant of renin release in studies with calcium-ionophores, could also explain apparently conflicting data in the literature, since increased renin release by calcium or ionophore administration has usually been accomplished by an increased renal blood or perfusate flow and vice versa (Iwao et al., 1974; Kotchen et al., 1974; Watkins et al., 1976; Fynn et al., 1977) .
